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(54) BARING FOR SPECIAL ENVIRONMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a titanium alloy with a remarkably hardened a' martensite system and with a long 
service life under a special environment such as underwater. 

SOLUTION: In a bearing for a special environment equipped with a bearing ring and a rolling element, at least one of the 
bearing ring and the rolling element is made of a titanium alloy containing 1.0 to 5.0 wt.% of Cr, of a first class or second class 
0.2-0.9 wt.% of oxygen, N(nitrogen) 0.1-0.5 wt.% of nitrogen and 0.1-0,5 wt.% of carbon with the rest Ti and inevitable 
impurities. The structure of the titanium alloy is composed of a' martensite system >80% in volumetric ratio. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the bearing for special environment especially used under 
tiie environment corrosive [, such as water, such as a food machine, a semiconductor manufacture device, and a chemical fiber 
manufacture machine, and seawater, chemicals, ] about the bearing for special environment. 
[0002] 

Pescription of the Prior Art] Like common knowledge, specific strength was large compared with the ferrous material, and, as 
for the titanium alloy, it far exceeded it of stainless steel also about corrosion resistance, and was e^qjected as a bearing material 
for special environment. 

[0003] Generally as the strengthening method of the high intensity titanium alloy represented by a alpha+beta type and the beta 
titanium alloy, precipitation strengthening which deposited alpha phase minutely is mainly made by the aging treatment in beta 
matrix after solution treatment in beta phase field or the alpha+beta two phase field, and it is 2 1 50kg/mm at tensile strength in a 
high intensity beta titanium alloy. The alloy which reaches above is developed. 

[0004] However, even if it performed heat treatment mentioned above in these alloys, as for hardness, about 35 to 45 HRC 
needed to perform surface hardening for being a limitation and applying as anti-fiiction bearing, and needed to raise surface 

hardness. 

[0005] For example, C, N, and O are made to dissolve to the surface layer of titanium or a titanium alloy by carburization, 
carbonitriding, or nitriding treatment, and the heat-treating method for obtaining hardness required as bearing is indicated by 
JP,6 1 -2747,B. However, even if it performs prolonged processing, the hardening layer depth is shallow, and for a low reason, the 
hardness of a core runs short of the hardness of the titanium alloy of a material, hardening of life extension is small, and the actual 
condition is that the application as bearing is not progressing. That is, in order to have applied the titanium alloy to bearing, the 
hardness of the titanium alloy put in practical use now needed to be pulled up sharply. 

[0006] Generally, by hardening, very hard martensite is formed and, as for SUJ2 and SUS440C which are used as steel for 
bearing, high hardness is obtained. This is because veiy a lot of lattice strains are stored by dissolution of C whose martensite of a 
ferrous material is an invaded type element at the time of a martensitic transformation. 

[0007] On the other hand, if it quenches like [ titanium alloy ] a ferrous material, it is known that alpha'martensite of HCP 
structure (hexagonal colse-packed structure : hexagonal-closest-packing structure) or alpha" martensite of prismatic-ciystal 
structure will be generated by alloy composition. For the martensite of a titanium alloy mentioned above, hardness is a low firom 
the martensite in which there are few amounts of lattice strains and they are generally formed with steel since it is formed of an 
operation of a replaced type element. For this reason, for applying the titanium alloy which there are and has especially 
martensitic structure as a charge of anti-fiiction-bearing material, the cases used like steel with martensitic structure are it idea 
****** that it is impossible as a matter of fact. [ few ] 
[0008] 

[Problem(s) to be Solved by the Invention] this invention by having been made in consideration of the above-mentioned situation, 
and optimizing the addition of O, N, and C which are Cr and the invaded type dissolution element which are a replaced type 
dissolution element By being able to obtain the titanium alloy which has alpha'martensitic structure which was not obtained, and 
which was hardened remarkably, controlling the quantitative ratio of alpha'martensite by the titanium alloy further conventionally, 
and using for anti-Mction bearing It aims at offering the long lasting bearing for special environment under special environment, 
such as underwater. 
[0009] 

[Means for Solving the Problem] In the bearing for special environment in which this invention possesse d the bearing 
the rolling element at least one of the aforementioned bearing washer and the rolling elements The component contains Cr:1.0-5.0 
% of the weight, and it is 0 further. : 0.2 - 0.9-% of the weight N : 0. 1 - 0.5 % of the weight C : About the titanium alloy 
containing 0. 1 - 0. 5% of the weight of one sort or two sorts or more and Remainder Ti, and the unescapable impurity It is the 
bearing for special environment characterized by the bird clapper \^ch an organization becomes firom 80% or more of 
alpha'MARUTE site by the volume ratio. 

[00 1 0] [Function] ~ an operation of the alloy concerning this invention and the critical-like meaning of weighted solidity are 
explained in full detail hereafter 
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alpha'martensite will be formed, if alloy elements, such as Cr (chromium), Mn (manganese), Fe (iron), Co (cobalt), etc. which 
dissolve with a replaced type to [Cr content] titanium, are added and it quenches from beta phase field, this invention person etc. 
found out that the martensitic structure containing Cr was the hardest, as a result of repeating research about the relation of the 
martensite and intensity which add these replaced type elements and are obtained. That hardness usually improves by the 
martensitic transformation as this reason has the large difference of the atomic radius of Cr and Ti compared with other alloy 
elements, although based on a lot of internal distortion introduced in the case of a transformation, and it becomes large compared 
with the case where the lattice strain at the time of carrying out a martensitic transformation adds other alloy elements, and is 
considered that the intemal deformation amount introduced along with this increased, and it hardened. 
[001 1] On the other hand, Cr dissolves to a replaced type to titanium, raises intensity and hardness, is beta stabilizers which 
expand further beta phase field which is a parent phase in a state diagram, and has the operation to which an Ms point descends 
by the increase in Cr content. Therefore, an Ms point falls that an addition is superfluous below to a room temperature, even if it 
quenches, a martensitic transformation stops arising, elasticity beta phase remains at a room temperature, and sufficient hardness 
is not obtained. Then, this invention person etc. investigated the influence of Cr content exerted on the organization after 
quenching, and he conducted the following e5q)eriments in order to clarify Cr content from which martensitic structure is obtained 
by quenching. . 

[0012] About the alloy which contained Cr content one to 10% of the weight, the phi30xl0mm test piece was produced, 
respectively. In addition, in these alloys, O contains about 0.7% as an alloy element so that it may mention later. Water cooling of 
these test pieces was carried out after 1 -hour solution treatment at 900- 1 1 00 degrees C from which any alloy serves as beta single 
phase region. The rate of volume and hardness of martensite were measured about these test pieces. 

[0013] After the fixed quantity of the rate of volume of martensite performed chemical pohsWng for the test piece 60% in -10% 
****-ized hydro-acid solution of hydrogen peroxides and removed the surface processing layer, it was performed with the X-ray 
diffraction method (X diffraction equipment made from Japanese physicochemistry, and tradename:Geiger FREX RAD-IU) using 
CoK alpha rays. 

[0014] Drawing 1 shows the relation between Cr content, the rate change of martensite volume, and hardness. Although Cr 
content serves as martensite single phase at less than 1 .0%, contribution of solid solution strengthening of Cr is small, and since 
hardness becomes small, it is not desirable. On the other hand, at 1 .0 - 4.0%, a martensite single phase organization is obtained 
and Cr content shows very high hardness. Furthermore, although a remains beta phase comes to be formed for Cr content at 4.0% 
or more, in 4.0 - 5.0% of range, remains beta **** has few Cr contents, and the fall of hardness has them. [ few ] 
[001 5] However, if Cr content exceeds 5.0%, elasticity beta phase will increase rapidly and, especially as for hardness, a 
martensite volume ratio will fall greatly at less than 80%. Furthermore, since the stability of beta phase increases in 6.0% or more 
of addition and it becomes remains beta single phase by quenching from beta ****, hardness is a low. In addition, martensite 
checked that it was maximum dense hexagonal alpha'martensite altogether from the X diffraction result. 
[0016] That is, if Cr content is 1 .0 - 4.0%, it becomes alpha'martensite single phase by quenching from beta phase field, and 
hardness required as bearing can be obtained. Although it becomes the mixed organization of an elasticity [ in 4.0 - 5.0% of range 
] Cr content as martensite remains beta phase on the other hand and hardness falls a little as compared with a martensite single 
phase state, if martensite is 80% or more at the rate of volume, the influence affect hardness will not be accepted so much. 
[0017] From the above result, the content of Cr considered as 5.0% or less 1 .0% or more, and made alpha'martensite 80% or 
more by the volume ratio. Although the martensite which adds Cr and is obtained is hard compared with the case where other 
replaced ^e alloy elements are added as mentioned above, in 2 - 4% composition of Cr contents with the highest hardness, the 
hardness needed as bearing is not obtained only by Cr addition about by 400 by Hv. When adding other alloy elements as a 
strengthening element, since a remains beta phase becomes reduce an Ms point and is easy to be formed as for most replaced type 
elements, it is not desirable. Therefore, as an element which strengthens martensite, addition of the element which dissolves with 
an invaded type is very effective in titanium, and O, N, and C are suitable as an invaded type dissolution element. Also in the state 
diagram of which element, it is a ****** alpha stabilizer about alpha phase field, and has the operation which raises the 
alpha/beta transformation point. 

[001 8] The [O content] O (oxygen) has a very large solid-solution limit compared with N (nitrogen) and C (carbon), and there is 
an operation to which it dissolves and intensity, hardness, corrosion resistance, and abrasion resistance are increased, and the 
effect becomes remarkable by 0.2% or more of addition, and increases in proportion to an addition. However, since toughness 
will fall remarkably if an addition exceeds 0.9%, as for a content, O's may be 0.9% or less 0.2% or more. 
[0019] There is an operation which dissolves and increases intensity, hardness, corrosion resistance, and abrasion resistance, 
especially the above-mentioned property of N is the largest among the elements which the grade of soUd solution strengthening 
mentioned above, and the [N content] N is remarkable at 0. 1% or more of addition. However, siace intensity will need to fall and, 
as for those of O with twice [ about ], and superfluous addition, the grade of elevation of the alpha^eta transformation point will 
need to make condition-ized processing temperature remarkably high fijrther if a solid-solution limit is smaUer than 0 and an 
addition exceeds 0.5%, an addition is made into 0.5% or less 0. 1% or more. 

[0020] Although the [C content] C (carbon) has few addition effiscts (improvement in hardness), when adding, it adds as a 
supplement element of 0 and N. Since it will become weak if O and N are put in, when [ that ] easing by C, C dissolves, and 
increases intensity, hardness, and abrasion resistance, and its ductile fall accompanying the increase in strong is small compared 
with 0 and N, and the effect is remarkable at 0. 1% or more of addition. However, since hardness and the effect which carries out 
an on-the-strength rise will be saturated if an addition exceeds 0.5%, an addition is made into 0.5% or less 0. 1 % or more. 
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[0021] When adding the invaded ^e dissolution element of 0, N, and C and measuring strengthening, since 
solid-solution-strengthening ability is very large, 0 and N can obtain hardness required as bearing by independent addition, and 
0.5% or less 0.2% or more of N is [ O ] desirable 0.9% or less 0.6% or more in this case. On the other hand, the solid-solution 
limit of C is small, and strengthening ability is small compared with O and N, and since the effect as a strengthening element is 
small, by independent addition of C, hardness required as bearing is hard to be obtained. Therefore, when adding C, compound 
addition with both the elements of O, N, or O and N is desirable. The effect is remarkable, when total of the addition of each 
element becomes 0.5% or more, in carrying out compound addition. However, if total of an addition exceeds 0.9%, since an 
expedition and toughness will fall remarkably, total of the addition of O, N, and C is desirably made into 0.9% or less. 
[0022] The [heat treatment condition] invention in this application is characterized by consisting of volume ratios by 80% or 
more of martensitic structure, in order to obtain hardness required as bearing. Therefore, solution treatment temperature may 
carry out heating maintenance at temperature higher than beta TORANZASU, i.e., the temperature from which the quantitative 
ratio of beta phase and alpha phase is set to 8:2 below by beta TORANZASU which performs heating maintenance in beta phase 
single phase region, or serves as a alpha+beta two phase field. In addition, the above "beta TORANZASU" shows the point on 
the line (straight-line (**)) of the temperature which changes from beta single phase field to a alpha+beta two phase field in the 
state diagram of drawing 3 . 

[0023] About a cooling rate, when a coolmg rate is slow, at a speed later than air cooling, martensitic structure is not obtained, 
but during cooling, alpha phase deposits so much in the grain boundaiy, and serves as a alpha+beta two phase organization at a 
room temperature at it, intensity falls, and hardness required as bearing is no longer obtained. In order to obtain martensitic 
structure, it is required to quench the speed beyond oil quenching from solution treatmait tanperature, and considering as 
water-cooled processing is desirable. 
[0024] 

[Embodiments of the Invention] Hereafter, the example of this invention is explained. First, phi30mmxlOmm a disk-like test 
piece and ball thrust bearing 5 1 305 were produced about the titanium alloy and steel materials which have composition of the 
following table 1 . These test pieces performed the following heat treatments. 

[0025] Heat-treatment Condition (1): Solution treatment was performed in 1-hour Ar atmosphere at 900-1 100 degree C, and 
water cooling was carried out to underwater [ 25-degree C ]. 

Heat-treatment Condition (2): Solution treatment was performed in 1-hour Ar atmosphere at 900-1 100 degree C, and oil 
quenching was carried out into the 30-60-degree C oil. 

Heat-treatment Condition (3): Solution treatment was performed in 1-hour Ar atmosphere at 900-1 100 degree C, and air cooling 
was carried out into the atmosphere. 
[0026] 
[Table 1] 
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[0027] About the test piece of Ti-6aluminum-4V alloy of the example of comparison, a Ti-1 5V-3-Cr-3Sn-3aluminum alloy, 
SUS440C, and SUJ2, solution-izing and an aging treatment, or hardening and temper was performed on the conditions which 
****(ed) to the following table 2 and Table 3. About these test pieces, the rate of martensite volume, hardness measurement, a 
salt spray test, and underwater life test were performed, and the performance was compared. 
[0028] 

[Table 2] 
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[ Table 3] 
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[0030] The salt spray test was performed in test time 1 50 hours using 35 degrees C and 5%NaCl solution, measured weight 

change after removing the corrosive organism of the specimen after an examination, and evaluated the corrosion rate by mm/the 
year. In addition, as an error criterion, the case of ** and 1 .3mm/year or more was made [ the case of 0. 1 3mm^ear or less ] into x 
for the case of O and 0.13-1.3mm^ear. 

[003 1] Underwater life test was underwater held by using thrust anti-friction bearing 1 as a tested piece using the underwater 
thrust life test machine as shown in drawing 2 , and it was perforaied, making tap water overflow. In addition, in drawing 2 , 
numbering 2 is the container which offered the feed hopper 3 of tap water, and the exhaust port 4. Moreover, numbering 5, 6, and 
7 is the cages holding the rolling element made from a silicon nitridg arranged inside the bearing washer which constitutes the 
aforementioned bearing 1, respectively, and a bearingwashejiS* and thi s rolling element 6 made of a fluororesin^ The 
aforementioned bearing 1 is held in the state where ifpressed to underwater [ in a container 2 ] by the up-and-down shaft 8. 
[0032] The life judging made the bearing life the time of the vibration level detected by the acceleration pickup amounting to 
about 5 times of initial value. A test condition is shown below. 

load: - 150kgf rotational frequency: - lOOOrpm examination bearing: ~ ball thrust bearing 51305— the rate of martensite 
volume was measured again using the above-mentioned method 

[0033] The rate of martensite volume, hardness, the salt spray test, and the underwater life test result were also shown in the 
above-mentioned table 2. In the case of the examples 1 - 1 6 of this invention which is the test piece of Table 2, it became clear that 
the rate of martensite volume has ^7 or more-HRC hardness at 80% or more, and corrosion resistance is also good as for all, and 
the effect of life extension is more remarkabTeThan an underwater life test result. However, in the case of oil quenching of 
examples 9-16, it has checked that the rate of martensite volume and hardness fell a little, and the life was falling slightly. Cooling 
after solution treatment has a cooling rate smaller than water cooling at oil quenching, and this is because the deposit of alpha 
phase of a minute amount arose during cooling, and is considered that water cooling is desirable as the cooling method after 
solution treatment from this result. 

[0034] Among the test pieces of Table 3, although the example 1 of comparison is a martensite single phase organization, since 
too little [ Cr content ], contribution of solid solution strengthening of Cr is small, and sufficient hardness is not obtained. For the 
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example 2 of comparison, and the example 3 of comparison, since Cr content is excessive, the stability of beta phase will become 
high and a lot of remains beta phases will be formed at the time of cooling, a volume ratio falls [ martensite ] to 80% or less, and 
hardness is a low. The rate of martensite volume is 0%, i.e., a remains beta single phase organization, and, especially as for the 
example 3 of comparison, hardness became a single life low. 

[0035] The examples 4-9 of comparison are all martensite single phase organizations among the test pieces of Table 3 in the case 
where each invaded type element of O, N, and C is added independently. However, as for the example 4 of comparison, and the 
example 6 of comparison, eye a too little hatchet and hardness serve as a short life low [ an addition ]. Moreover, the example 5 of 
comparison and the example 7 of comparison are stiffened although eye a superfluous hatchet and hardness have a high addition, 
and they are small. [ of the effect of life extension ] 

[0036] Although it is the case where C is independently added as an invaded type solid-solution-strengthening element, the life of 
an addition is short [ the example ] although the example 8 of comparison is within the limits of a claim, as mentioned above, the 
solid-solution-strengthening ability of C is because it is small and die effect is inadequate as compared with 0 and N, and this 
needs to cany out compound addition with both the elements of O, N, or O and N, when adding C 

[0037] Although the example 9 of comparison and the example 10 of comparison are the cases where compound addition of O, 
N, and the C is carried out, in the example 9 of comparison, hardness with it is not obtained. [ total of an addition smaller than 
0.5% and ] [ sufficient ] On the other hand, in the case of the example 10 of comparison, since total of an addition was over 0.9%, 
strengthening stiffening was carried out and it became a short life. 

[0038] although the example 1 1 of comparison and the example 12 of comparison are all practical use titanium alloys — a 
solution treatment aging treatment standard as heat treatment - giving - a alpha+beta two phase — for an intermediary **** 
reason, the rate of martensite volume is 0% Although hardness is increasing from the state with solution treatment by precipitation 
strengthening of alpha phase, HRC 40-45^ and since it is low, it is a short life. 

[0039] The example 13 of comparison and the example 14 of comparison are all ferrous materials, and inferior to corrosion 
resistance in the stiff sharply from the titanium alloy of the invention in this application with the salt spray test very mucL 
Therefore, in underwater life test, wear advances quickly by corrosion, and it is a short life. 

[0040] Although the examples 15-22 of comparison are using the alloy concerning the invention in this application, the rate of 
martensite volume and hardness are short lives low. This is because alpha phase deposited during cooling since cooling after 
solution treatment was air cooling, and it became a alpha+beta two phase organization at the room temperature. 
[0041] That is, in order to obtain 80% or more of martensite by the volume ratio by the invention in this apphcation, it is 
desirable for it to be necessary to cool with the cooling rate beyond oil quenching from solution treatment temperature, as 
mentioned above, and to cany out water-cooled processing as an ideal. 
[0042] 

[Effect of the Invention] The long lasting bearing for special environment can be conventionally offered under special 

environment, such as underwater, by being able to obtain the titanium alloy which has alpha'martensitic structure which was not 
obtained in a titanium alloy, and which was hardened remarkably, controlling the quantitative ratio of alpha'martensite fiirther, and 
using anti-friction bearing by optimizing the addition of 0, N, and C which are Cr and the invaded type dissolution element which 
are a replaced type dissolution element according to [ as explained in full detail above ] this invention. 



[Translation done.] 
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